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(57) Abstract 



Apparatus is disclosed for testing a telephone line between a customer*s network termination equipment and an exchange associated 
therewith. The apparatus comprises a field unit (5) positionable between the customer's telephone (I) and the network termination equipment 
(4), and an exchange unit (16) positionable at the exchange (2). The exchange unit (6) comprises activating means (16) for initiating a test 
sequence, and processing means (14) for controlling testing and analysing test results. The field unit (5) comprises a noise generator (12) 
for sending noise signals to the exchange unit (6), and a sensor (10) for activating the noise generator upon receipt of the activating signal. 
The processing means (14) analyses the incoming noise signal to provide a measure of the line attenuation. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


PT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgysian 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switrcrland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Cdcc d'lvoire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


LI 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


CS 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


cz 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmaric 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


n 


Finland 


ML 


Mali 


UZ 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











wo 95/31865 



PCT/GB95/01099 



I 1 

CUSTOMER LINE TESTER 



This invention relates to apparatus for, and a method of, measuring the 
transmission characteristics of a telephone line connecting a customer's telephone 
5 apparatus to a local exchange. The invention is particularly concerned with the 
measurement of the transmission characteristics of a telephone line constituted by 
a copper pair. 

Until recently, it was believed that copper pair telephone lines were 
incapable of carrying high bandwidth surfaces such as Video on Demand (VoD), 

10 home shopping and other interactive and multimedia services. Indeed, in the past, 
copper pair telephone wires have not had to carry large quantities of information, 
as the bandwidth required to carry human voices is only about 4kH2. If attempts 
are made to transmit signals with higher frequencies, problems arise through 
attenuation of the signal strength, attenuation increasing with increasing 

15 frequency. The recent introduction of asymmetric digital subscriber line (ADSL) 
technology does, however, enable the existing copper access network to provide 
broadband services. ADSL operates on a single unconditioned copper pair 
telephone line, and provides a digital transmission path with a much higher data 
rate from the exchange to the customer than in the reverse direction. ADSL 

20 technology enables a data rate of about 2Mbit/s to be carried for distances up to' 
about 3 miles. Beyond this, the attenuation of a copper pair telephone line 
prevents satisfactory transmission of such a high bandwidth signal. In the United 
Kingdom, about 90% of telephony customers are within 3 miles of their local 
exchange. In principle, therefore, all such customers can receive ADSL signals 

25 over the existing copper pair local access network. 

Of course, the actual distance over which ADSL signals can be 
transmitted will depend on the actual state of the line concerned. Before offering a 
customer high bandwidth services such as the VoD, therefore, it is important for 
the service provider to know whether that customer's line is capable of carrying 

30 the service. 

The present invention provides apparatus for testing a telephone line 
between a customer's network termination equipment and an exchange associated 
therewith, the apparatus comprising a field unit positionable between the 
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customer's telephone and the network termination equipment, and an exchange 
unit positionable at the exchange, the exchange unit comprising activating means 
for sending an activating signal to the field unit, and processing means for 
controlling testing and analysing test results, and the field unit comprising a noise 
5 generator for sending noise signals to the exchange unit, and a sensor for 
activating the noise generator upon receipt of the activating signal, wherein the 
processing means comprises analysis means for analysing the incoming noise 
signal and providing a measure of the line attenuation. 

Advantageously, the field unit further comprises a switch for connecting 

10 the line to the telephone or to the noise generator. 

in a preferred embodiment, the noise generator is a PRBS generator, 
preferably one that generates a signal whose sequence length is 255 bits at a bit 
rate of 3,5Mbit/s. In this case, the noise generator generates a comb of 
frequencies spaced at 14kH2 intervals, and so provides a large number of possible 

1 5 test frequencies. 

The activating means may be constituted by an MF generator. In this 
case, the sensor is constituted by an MF tone detector connected across the 
telephone line. Alternatively, both the activating means and the sensor may be 
constituted by V.23 FSK modems. 

20 Preferably, the processing means is constituted by a PC-based controller 

and a data acquisition card 

In a preferred embodiment, the processing means further comprises means 
for comparing the measured line attenuation with a predetermined threshold, and 
the exchange unit further comprises indicator means for indicating whether the 

25 measured line attenuation exceeds the predetermined threshold. 

Advantageously, the exchange unit further comprises means for 
monitoring noise on the line in the absence of noise signals originating from the 
noise generator. Preferably, the monitoring means comprises means for measuring 
voltage on the line, and means for converting the measured voltage to a measure 

30 of the power carried by the line, and wherein the analysis means analyses the 
power measure to provide a measure of the noise on the line, in this case, the 
processing means may further comprise means for varying the predetermined 
threshold in dependence upon the value of the measured noise. 
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3 

The invention also provides a method of testing a telephone line between 
a customer's network termination equipment and an exchange associated 
therewith, the method comprising the steps of transmitting an activating signal 
down the line from an exchange unit at the exchange to a field unit positioned 
5 between the customer's telephone and the network termination equipment, 
detecting the activating signal at the field unit, transmitting a noise signal from the 
field unit to the exchange unit, and analysing the noise signal at the exchange unit 
to provide a measure of the line attenuation. 

Advantageously, the method further comprises the step of disconnecting 
10 the customer's telephone from the line when the field unit detects the activating 
signal prior to the noise signal being generated by the field unit. 

In a preferred embodiment, the method further comprises the steps of 
comparing the measured line attenuation with a predetermined threshold, and 
indicating whether the measured line attenuation exceeds the predetermined 
1 5 threshold. 

Advantageously, the method further comprises the step of monitoring 
noise on the line in the absence of noise signals originating from the field unit. 
Preferably, the monitoring step is such as to measure voltage on the line, and to 
convert the measured voltage to a measure of the power carried by the line, and 

20 wherein the analysis step is such as to analyse the power measure to provide a 
measure of the noise on the line. In this case, the method may further comprise 
the step of varying the predetermined threshold in dependence upon the value of 
the measured noise. 

The invention further provides a field unit for use in testing a telephone 

25 line between a customer's network termination equipment and an exchange unit, 
the field unit comprising a noise generator for sending noise signals to the 
exchange unit, a sensor for activating the noise generator upon receipt of an 
activating signal from the exchange unit, and a switch for connecting the line to 
the noise generator and for disconnecting the customer's telephone apparatus from 

30 the line upon receipt of the activating signal by the sensor. 

Advantageously, the field unit further comprises a plug for connecting the 
unit to the telephone socket of a customer's network termination equipment, and 
with a socket for connection of the plug of the customer's telephone apparatus. 
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The invention also provides an exchange unit for use in testing a telephone 
line between the exchange unit and a customer's network termination equipment, 
the exchange unit comprising activating means for initiating a test sequence, and 
processing means for controlling testing and analysing test results, wherein the 
5 processing means is arranged to analyse incoming noise signals to provide a 
measure of the attenuation of the telephone line. 

A customer line tester constructed in accordance with the invention will 
now be described in detail, by way of example, with reference to the 
accompanying drawings, in which:- 
1 0 Figure 1 is a schematic representation of the tester; 

Figure 2 is a schematic representation of a customer-end plug-in unit 
forming part of the tester; and 

Figure 3 is a block circuit diagram of an exchange-end unit forming part of 
the tester. 

15 Referring to the drawings, Figure 1 shows the customer line tester 

together with a customer's telephone apparatus 1, the local exchange 2 associated 
therewith and a copper pair line 3 connecting the telephone apparatus to the local 
exchange via a line jack socket (the customer's master socket) 4. The socket 4 
constitutes network termination equipment. The tester is constituted by a 

20 customer-end plug-in unit 5 and an exchange-end unit 6. The plug-in unit 5 is 
positioned, in use, between the telephone apparatus 1 and the customer's master 
socket 4. Accordingly, the unit 5 is provided with a plug 7 for engagement with 
the customer's master socket 4, and with a socket 8 into which a plug 9 
associated with the telephone apparatus 1 can be fitted. 

25 As shown in Figure 2, the plug-in unit 5 includes a tone detector 10 which 

is connected across the two wires 3a and 3b of the line 3. The output of the tone 
detector 10 is connected to a switch 1 1 which can be used to connect the output 
of a pseudo-random bit sequence (PRBS) noise generator 12 to the line via a line 
interface 1 3. 

30 As shown in Figure 3, the exchange-end unit 6 includes a PC-based 

controller 14, a data acquisition card 15, an MF generator 16 and a line 
interface/switch 17. The line interface 17 connects the telephone line 3a, 3b to 
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vary the predetermined threshold referred to above. Thus, where the line 3 is 
inherently noisy, the predetermined threshold used to evaluate the lines suitability 
for ADSL should be varied depending upon the noise margin in the system. Thus, 
the predetermined threshold will be reduced for noisy lines. In this way, a more 
5 accurate evaluation of a line's suitability for ADSL can be carried out, as the 
predetermined threshold can be evaluated for each line (as opposed to the 
predetermined threshold having a large safety measure the cover the maximum 
noise level expected). 

It will be apparent that the test system described above could be modified 
10 in a number of ways. For example, the components of the plug-in unit 5 could be 
incorporated into the master socket (network termination equipment) 4. Indeed, as 
master sockets are up-graded to give greater functionality, it is probable that this 
will be the preferred way of providing the test unit at the customer end. The 
technical characteristics of such a network termination equipment are described in 
15 the specification of our co-pending International patent application 

GB95/ {Applicant's reference A24854 - claiming priority from patent 

applications GB9409842.3, GB941 6597.4 and EP943071 86.0). For the time 
being, however, the use of a plug-in unit is desirable, as this can be sent to a 
customer requesting a particular service, the unit can be plugged-in, the test 
20 carried out, and the unit returned to the service provider for use elsewhere. It 
would also be possible to replace the MF generator by a V.23 FSK modem, in 
which case the tone detector 10 would also be a V.23 FSK modem. 

An important advantage of the system described above is the ability to 
link deployment decisions to a central location such as a local exchange or, more 
25 preferably, a central office. 
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CLAIMS. 

1. 



Apparatus for testing a telephone line between a customer's network 
termination equipment and an exchange associated therewith, the apparatus 
5 comprising a field unit positionable between the customer's telephone and the 
network termination equipment, and an exchange unit positionable at the 
exchange, the exchange unit comprising activating means for sending an activating 
signal to the field unit, and processing means for controlling testing and analysing 
test results, and the field unit comprising a noise generator for sending noise 
10 signals to the exchange unit, and a sensor for activating the noise generator upon 
receipt of the activating signal, wherein the processing means comprises analysis 
means for analysing the incoming noise signal and providing a measure of the line 
attenuation. 



1 5 2. Apparatus as claimed in claim 1 . wherein the field unit further comprises a 

switch for connecting the line to the telephone or to the noise generator. 

3. Apparatus as claimed in claim 1 or claim 2, wherein the noise generator is 
a PRBS generator. 

20 

4. Apparatus as claimed in claim 3, wherein the PRBS generator generates a 
signal whose sequence length is 255 bits at a bit rate of 3.5Mbit/s. 

5. Apparatus as claimed in any one of claims 1 to 4, wherein the activating 
25 means is constituted by an MF generator. 

6. Apparatus as claimed in claim 5, wherein the sensor is constituted by an 
MF tone detector connected across the telephone line. 



30 7. 



Apparatus as claimed in any one of claims 1 to 4, wherein the activating 
means is constituted by a V.23 FSK modem. 
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8. Apparatus as claimed in claim 7, wherein the sensor is constituted by a 
V.23 FSK modem. 

9. . Apparatus as claimed in any one of claims 1 to 8, wherein the processing 
5 means is constituted by a PC-based controller and a data acquisition card, 

10. Apparatus as claimed in any one of claims 1 to 9, wherein the processing 
means further comprises means for comparing the measured line attenuation with 
a predetermined threshold, and the exchange unit further comprises indicator 

10 means for indicating whether the measured line attenuation exceeds the 
predetermined threshold. 

1 1. Apparatus as claimed in any one of claims 1 to 10, wherein the exchange 
unit further comprises means for monitoring noise on the line in the absence of 

15 noise signals originating from the noise generator. 

12. Apparatus as claimed in claim 11 when appendent to claim 10, wherein 
the monitoring means comprises means for measuring voltage on the line, and 
means for converting the measured voltage to a measure of the power carried by 

20 the line, and wherein the analysis means analyses the power measure to provide a 
measure of the noise on the line. 

13. Apparatus as claimed in claim 12, wherein the processing means further 
comprises means for varying the predetermined threshold in dependence upon the 

25 value of the measured noise. 

14. A method of testing a telephone line between a customer's network 
termination equipment and an exchange associated therewith, the method 
comprising the steps of transmitting an activating signal down the line from an 

30 exchange unit at the exchange to a field unit positioned between the customer's 
telephone and the network termination equipment, detecting the activating signal 
at the field unit, transmitting a noise signal from the field unit to the exchange unit. 
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and . analysing the noise signal at the exchange unit to provide a measure of the 
line attenuation. 



15. A method as claimed in claim 14, wherein the noise signal has a sequence 
5 length of 255 bits at a bit rate of 3.5Mbit/s. 

16. A method as claimed in claim 14 or claim 15, further comprising the step 
of disconnecting the customer's telephone from the line when the field unit detects 
the activating signal prior to the noise signal being generated by the field unit. 

10 

1 7. A method as claimed in any one of claims 1 4 to 1 6, further comprising the 
steps of comparing the measured line attenuation with a predetermined threshold, 
and indicating whether the measured line attenuation exceeds the predetermined 
threshold. 

15 

1 8. A method as claimed in any one of claims 1 4 to 1 7, further comprising the 
step of monitoring noise on the line in the absence of noise signals originating from 
the field unit. 

20 19. A method as claimed in claim 18 when appendent to claim 17, wherein 
the monitoring step is such as to measure voltage on the line, and to convert the 
measured voltage to a measure of the power carried by the line, and wherein the 
analysis step in such as to analyse the power measure to provide a measure of the 
noise on the line. 



25 

20. A method as claimed in claim 19, further comprising the step of varying 
the predetermined threshold in dependence upon the value of the measured noise. 

21. A field unit for use in testing a telephone line between a customer's 
30 network termination equipment and an exchange unit, the field unit comprising a 

noise generator for sending noise signals to the exchange unit, a sensor for 
activating the noise generator upon receipt of an activating signal from the 
exchange unit, and a switch for connecting the line to the noise generator and for 
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1 1 

disconnecting the customer's telephone apparatus fronn the line upon receipt of the 
activating signal by the sensor. 

22. A field unit as claimed in claim 21, where the noise generator is a PRBS 

5 generator which generates a noise signal having a sequence length of 255 bits at a 

bit rate of 3.5Mbit/s. 

23. A field unit as claimed in claim 21 or claim 22, further comprising a plug 
for connecting the unit to the telephone socket of a customer*s network 

10 termination equipment, and with a socket for connection of the plug of the 
customer's telephone apparatus. 

24. An exchange unit for use in testing a telephone line between the exchange 
unit and a customer's network termination equipment, the exchange unit 

15 comprising activating means for initiating a test sequence, and processing means 
for controlling testing and analysing test results, wherein the processing means is 
arranged to analyse incoming noise signals to provide a measure of the attenuation 
of the telephone line. 
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the exchange unit 6. The PC controller 14 operates at 20M samples/sec and at a 
1 2-bit resolution. 

In use, when it is desired to test the line 3> for example to ascertain 
whether the line will support ADSL, the plug-in unit 5 is positioned between the 
5 custonner's telephone 1 and the associated master socket 4. The MF generator 16 
in the exchange unit 6 is triggered to transmit an MF signal along the line 3a, 3b 
via the line interface 17. Alternatively, the MF generator 16 could be triggered to 
send a CLASS type signal. This signal travels along the line 3a, 3b, and is 
received by the tone detector 10 in the plug-in unit 5. The tone detector 10 

1 0 controls the switch 1 1 to disconnect the telephone 1 and to connect the PRBS 
generator 12 to the line 3a, 3b via the line interface 13. The PRBS generator 12 
generates a signal whose sequence length is 255 bits at a bit rate of 3.5Mbit/s. 
This results in a series of spectral lines (a comb of frequencies) spaced at 14kHz 
intervals. The test signal is sent along the line 3a, 3b to the exchange unit 5. 

1 5 The PC-based controller 1 4 of the exchange unit 5 is provided with 

suitable software for processing the captured signal. The first processing step 
carried out is to analyse the incoming analogue signal, digitise it and place it in a 
file in the data acquisition card 15. The controller 14 then analyses the content of 
the file using an algorithm which employs a Fourier transform to convert the time 

20 domain data into frequency domain data. This allows measurement of the received 
power level at a range of frequencies. These power levels are then compared with 
those of the original signal to give a measure of the line attenuation. The line 
attenuation is then compared with a predetermined threshold to evaluate the line's 
suitability for ADSL. For example, the predetermined threshold may lie within the 

25 range of 50dB to 60dB at 300kHz. The exchange unit 5 may be configured so 
that the output is a simple decision as to whether or not the line 3 is suitable for 
ADSL. For example, a "traffic lights" approach could be used - a green light 
indicating suitability, a red light indicating unsuitability, and an amber light 
representing a region of uncertainty due to measurement inaccuracy and noise 

30 margins. 

Although the PRBS generator 1 2 is ^arranged to send a comb of 
frequencies along the line 3a, 3b for test purposes, it would be possible to use a 
single frequency. Thus, in practice, the exchange unit 6 carries out its analysis at 
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only one frequency (300kHz for ADSL testing). One reason for using the comb of 
frequencies is that interference is possible at the preferred frequency, in which 
case the exchange unit 6 will be instructed to take a measurement at a different 
frequency. In some cases, it would be preferable to analyse measurements taken 
5 at a range of frequencies, thereby improving the accuracy of line assessment. 

Moreover, by using a comb of frequencies, the same plug-in unit 5 can be 
used to test a line to check its suitability for carrying other high bandwidth 

I services. For example, if it is required to test a line to check its suitability of 
carrying very high speed ADSL (VADSL), the PRBS generator 12 would generate a 

10 signal whose sequence length is 255 bits at a bit rate of 30 Mbit/s. The system 
could also be used to assess a line's suitability for carrying basic rate ISDN (BR- 
ISDN). Thus, the system could be operated at a variety of bit rates and sequence 
lengths, thereby permitting testing for different services. Moreover, depending on 
the service which is desired to be carried, the software in the exchange unit 5 will 

1 5 arrange for measurement of the received power level at the best frequency for the 
particular service required. In other words, because the PRBS generator generates 
a comb of frequencies, it is necessary to provide only a single plug-in unit 5 for 
testing lines for many different purposes, and this obviously leads to 
manufacturing and stocking cost reductions. 

20 The exchange unit 5 can also be used to measure noise on the line 3 when 

the PRBS generator 1 2 is turned off, that is to say the exchange unit can be used 
to monitor noise levels on the line in the absence of the test signal. In this case, 
the exchange unit 5 measures the voltage on the line, and converts this to a 
measurement of the power carried by the line, this power being proportional to the 

25 noise. Here again, the controller 14 analyses the power data stored in the card 15, 
using a suitable algorithm, to provide a measure of the noise. There are two types 
of noise to be considered here, namely non-impulsive noise (which may result, for 
example, from interactions with a nearby radio generator) and impulsive noise 
(which may be caused by switching transients). Impulsive noise, due to its time- 

30 varying nature, is difficult to characterise without monitoring the line for an 
extended period, and this is not practicable with the test system of the present 



described above. Once this noise measurement has been made, it can be used to 



invention. 



Non-impulsive noise can, however, be measured in the manner 
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